Corpora lutea were collected from sheep on Days 6,10, and 15 of the oestrous cycle and Day 25 of pregnancy and dissociated into single cell suspensions. Purified preparations of large and small luteal cells were prepared by elutriation on all days except Day 6. Basal progesterone production by large cells was 6\p=n-\8-fold higher than by small cells (36\p=n-\65 vs 6\p=n-\9fg/cell/min). Oxytocin secretion was maximal on Day 6(1\m=.\0fg/cell/ min) and declined thereafter. The number of receptors for LH increased between Day 6 and Day 10 and the two cell types had an equal number of receptors on Days 10 and 15 (19 000\p=n-\23 000). Large cells on Day 25 of pregnancy had fewer receptors (12 000) than did small cells (26 000). Progesterone secretion by small luteal cells from all days examined was stimulated by LH (0\m=.\01\p=n-\1000ng/ml) in a dose-dependent manner; maximum sensitivity to LH occurred on Day 10. Despite the presence of receptors for LH on large cells, LH failed to stimulate progesterone production. Basal production of progesterone by large and small cells, and the response of small cells to LH, was not influenced by day examined. Re-combinations of large and small cells from Day 10 synergized to increase progesterone secretion. Prostaglandin E-2 (0\m=.\1\p=n-\1000ng/ml) did not stimulate progesterone secretion by large or small cells.
Introduction
The corpus luteum from a variety of mammalian species contains a number of cell types, two of which are steroidogenically competent, i.e. large luteal or granulosa-lutein cells, and small luteal or theca-lutein cells (Mossman & Duke, 1973) . The two steroidogenic cell types have been characterized morphologically, separated on the basis of size, and shown to differ in their biochemical properties (Wilkinson et at., 1976; Lemon & Loir, 1977;  Ursely & Leymarie, 1979; Koos & Hansel, 1981; Fitz et ai, 1982; Rodgers & O'Shea, 1982; Chegini et al., 1984; Rodgers et al., 1984; Niswender et ai, 1985) . Briefly, small luteal cells are 12-22 µ in diameter, stellate in shape, and characteristically contain an irregularly shaped nucleus, numerous mitochondria, lipid droplets, and abundant smooth endoplasmic reticulum (O'Shea et al., 1979) . In contrast, large luteal cells are spherical cells, 25-40 µ in diameter and are characterized by a greatly folded plasma membrane associated with a prominent basal lamina, a spherical nucleus, numerous mitochondria, lipid droplets, isolated stacks of rough endoplasmic reticulum and an abundance of the smooth endoplasmic reticulum characteristic of steroidogenic cells. Large cells uniquely contain electron-dense secretory granules, which, based on immunocytochemical data, appear to be the source of luteal oxytocin (Guldenaar et ai, 1984; Rice & Thorburn, 1985; Sawyer et al., 1986; Theodosis et al., 1986) . The majority of receptors for LH have been reported to be on small luteal cells, whereas the majority of receptors for oestradiol and prostaglandins (PG) E-2 and F-2a are located on large luteal cells (Fitz et al., 1982; Glass et ai, 1984) . Although unresponsive to LH, the basal rate of secretion of progesterone (i.e. unstimulated) from large luteal cells is greater than that from small cells (Fitz et ai, 1982; Schwall et ai, 1986a) . In contrast, small luteal cells are highly responsive to the stimulatory action of LH (Fitz et ai, 1982; Rodgers et ai, 1983a) . Both cell types possess a stimulatable adenylate cyclase system, but in the large cell stimulation of this enzyme does not increase synthesis or secretion of progesterone (Hoyer et ai, 1984; Hoyer & Niswender, 1985) .
Much of the information concerning large and small luteal cell function has been obtained using corpora lutea removed at mid-cycle (Days 8-12 of the oestrous cycle), or tissue collected from slaughter houses, for which the precise age of the corpora lutea was not known. The corpus luteum is morphologically and biochemically dynamic over the course of the oestrous cycle, exhibiting fluctuation in the number of receptors for LH (Diekman et ai, 1978) , secretion of progesterone (Hansel et ai, 1973) , numbers of large and small luteal cells (Farin et ai, 1986; Schwall et ai, 1986b ) and responsiveness to PGF-2a (Hearnshaw et al., 1973) . It is possible that large and small cell responses to trophic/lytic stimuli change over the course of the oestrous cycle and into pregnancy.
The objectives for the present experiment were to use purified large and small luteal cells from defined stages of the oestrous cycle and early pregnancy to: (a) quantitate the number of receptors for LH; (b) measure in-vitro secretion of oxytocin and production of progesterone in response to LH and PGE-2; and (c) determine whether interactions occur between large and small luteal cells which affect the production of oxytocin or progesterone.
Materials and Methods
Materials. Type IV collagenase was purchased from Cooper Biomédical (Malvern, PA). Medium 199 was from Grand Island Biochemical Co. (Grand Island, NY). Prostaglandin E-2 was obtained from the Upjohn Company (Kalamazoo, MI). The NaI25I used for radioiodinations was purchased from Amersham (Arlington Heights, IL). Oxytocin used for the standards and 125I-labelled tracer in radioimmunoassays, and BSA (fraction V) were purchased from Sigma Chemical Co. (St Louis, MO). Tissue preparation. Suspensions of purified large and small luteal cells were prepared by a modification of previously described methods (Fitz et ai, 1982; Schwall et al., 1986b) . Briefly, corpora lutea were surgically removed from Western range ewes on Days 6, 10 and 15 of the oestrous cycle and Day 25 of pregnancy, sectioned into 0-5 mm slices using a Stadie-Riggs hand microtome, and the tissue pooled by day of oestrous cycle or pregnancy (4-6 corpora lutea per tissue pool). Sliced CL were incubated in Medium 199 containing 0-2% collagenase (145 U/mg) and 0-05% deoxyribonuclease, and gently agitated for 2-3 h at 37°C in a water bath to yield a suspension of single cells. The dissociated cells were washed in Medium 199 (containing 20mM-Hepes, 01% BSA, 0-35 mg NaHC03/ml, I00U penicillin/ml, and 0-2 mg streptomycin sulphate/ml, pH 7-35) before large and small cell fractions were separated by centrifugal elutriation. Corpora lutea removed on Day 6 of the oestrous cycle were dissociated but the cells were not subjected to elutriation since morphologically distinct large and small cells do not differ sufficiently in size to be separated by this technique (M. H. Mayan & G. D. Niswender, unpublished observations).
Experimental procedures. After dissociation and elutriation aliquants were removed from each pool of purified cells and (a) the numbers of large and small cells were counted after placement on a haemocytometer, (b) viability was assessed using acridine orange stain, and (c) the number of steroidogenic cells in each fraction was measured as indicated by positive staining for 3ß-hydroxysteroid dehydrogenase (3ß-HSD) activity (Payne et al., 1980) . Triplicate aliquants of 10 000 large cells, 50 000 small cells or 10 000 large cells plus 50 000 small cells were removed from each purified cell fraction and dispensed into 12 75 mm glass tubes containing 0, 01, 1, 10, 100 or 1000 ng PGE-2/ml or 0-01,01, 1, 10,100 or 1000 ng LH/ml in Medium 199 in a total volume of 1 ml. Cells were incubated for 2 h at 37°C in a shaking water bath, and incubations were stopped by freezing. Samples were stored at -20°C until assayed for progesterone and oxytocin. Purified cells not used for in-vitro incubations were frozen in Medium 199 at -70°C until receptors for LH were quantified.
Replication. The experiment detailed above was replicated 4 times between 2nd December 1985 and 9th January 1986 and used a total of 96 corpora lutea from 68 spontaneously ovulating ewes.
Radioimmunoassays. Cell incubations were thawed at room temperature and vortexed before the cellular compart¬ ment was pelleted by centrifugation. Progesterone was measured in unextracted aliquants of media by radioimmunoassay (Niswender, 1973) . The sensitivity of the progesterone assay was 40pg/tube and the intra-and inter-assay coefficients of variation were 11% and 18% respectively. Oxytocin in unextracted aliquants of medium was measured using the procedures and antiserum of Robinson (1980) . The sensitivity of the oxytocin assay was 4pg/tube and the intra-and inter-assay coefficients of variation were 16% and 22%, respectively.
Receptor assays. Receptors for LH were quantified using the standard curve technique (Braden et ai, 1986 ). Briefly, a standard luteal membrane pool was prepared by homogenizing corpora lutea from superovulated ewes in sucrose buffer using a Polytron and a Dounce homogenizer and the membrane fraction was recovered by centrifugation. The number of receptors in the standard membrane preparation was determined by Scatchard analysis (Scatchard, 1949) of data obtained by incubating various concentrations of 125I-labelled hCG with 5 mg of the standard membrane preparation. Non-specific binding was determined by adding a 200-fold excess of hCG to incubation tubes containing tissue and 125I-labelled hCG To quantitate receptor number in experimental tissue, samples of purified luteal cells (1 105 small luteal cells or 2 IO5 large luteal cells) were homogenized using a Dounce homogenizer and triplicate samples were incubated with 7 fmol 125I-labelled hCG. The 125I-labelled hCG specifically bound was compared with a standard curve generated by incubating the same amount of 125I-labelled hCG with increasing quantities (1-50 mg) of the standard membrane preparation. The membranes were incubated for 16 h, 4 ml cold assay buffer were added to each tube, and free 125I-labelled hCG was separated from that bound to the membrane pellet by centrifugation (30 min at 30 000 g). The supernatant was then decanted and the radioactivity in the pellet counted. The number of receptors was determined by comparing the counts specifically bound in the experimental tissue with the counts specifically bound per mg of standard membrane preparation, which had a known concentration of receptors.
Analysis of data. Data were subjected to analysis of variance using the General Linear Model procedure of the Statistical Analysis System (Cary, NC) and least squares means obtained for comparison of treatments across replicates.
Results

Separation of cell types
Purification by elutriation of small luteal cells yielded fractions that were 97 ± 0-7% small cells, of which 96 ± 0-9% stained positive for 3ß-HSD activity. Similarly, the large cell fractions were composed of 77 ± 3% large luteal cells of which 90 ± 3% were positive for 3ß-HSD (Table 1) . The yield of cells per gram of luteal tissue subjected to dissociation and purification is shown in Table 2 . Viability of dissociated or elutriated luteal cells (as determined by staining with acridine orange) was always greater than 85% for both large and small cell fractions regardless of the age of the corpora lutea. Additionally, none of the hormonal treatments, or incubation conditions, adversely affected cell viability over the time course of these experiments. Values in parentheses represent % of cells in that fraction that stained for 3ß-HSD activity. *Cell suspensions obtained on Day 6 of the cycle were 31 % 3ß-HSD-positive large luteal cells and 69% 3ß-HSD-positive small luteal cells. 34-7b 29-2b *Pooled standard error of the mean = 3-6, = 4. tDay 6 corpora lutea were dissociated but not elutriated; the mixed cell population comprised large and small cells in a 1:3-7 ratio (see Table 2 ) and the high basal production of progesterone in this group is assumed to be of large cell origin. Values in the same row with different superscripts (a,b,c) differ (P < 0-05). Values in the same column with different subscripts (d,e,f,g) differ (P < 005).
Progesterone production
The basal rate of production of progesterone (Tables 3-6) from purified large cells was greater than from small cells on Day 10 and 15 of the cycle and Day 25 of pregnancy (P < 001). The amount of progesterone produced by each cell type did not change for any of these days of the cycle or pregnancy (P > 010). When LH was included in the incubation medium, both day of cycle and dose of LH affected the amount of progesterone produced by small luteal cells (P < 001; Table 3 ). Production of progesterone by small cells from Day 10 of the oestrous cycle was enhanced at a lower dose of LH than in small cells from Day 15 or Day 25 of pregnancy (01 vs 10 ng/ml; < 001). Small cells from Day 10 produced more progesterone in response to 1 and 10 ng LH/ml than did small cells from Day 15 of the oestrous cycle or Day 25 of pregnancy (P < 0-05). Maximal stimulation of progesterone production was obtained at 10 ng LH/ml for Day 10 small cells and at 100 ng LH/ml for Day 15 and Day 25 pregnant small cells, but the absolute amount of progesterone produced in response to LH did not differ between days (P > 0T0). Generally, when the purified large and small cells were incubated together the amount of progesterone produced in response to LH did not differ significantly from the sum of the progesterone produced by large cells and small cells when incubated separately. However, mixed cells from Day 10 produced significantly greater amounts of progesterone at the higher LH doses (10, 100 and 1000 ng/ml) than would be predicted from the incubation of each individual cell type (P < 001; Fig. 1 ). In contrast, large luteal cells did not respond to LH with an increase in progesterone produc¬ tion, regardless of the dose of LH used or the stage of the cycle or pregnancy (Table 4) .
Inclusion of PGE-2 in luteal cell cultures did not increase progesterone production by large or small luteal cells, and actually inhibited production at higher doses (Tables 5 & 6 ). Values in the same row with different superscripts (a,b) differ (P < 005).
Values in the same column with different subscripts (c,d) differ (P < 005). fDay 6 corpora lutea were dissociated but not elutriated;
the mixed cell population comprised large and small cells in a 1:3-7 ratio (see Table 2 ) and the high basal production of progesterone in this group is assumed to be of large cell origin. Values in the same row with different superscripts (a,b) differ (P < 005).
Values in the same column with different subscripts (c,d) differ (P < 005).
Receptorsfor LH
On a per cell basis the two luteal cell populations did not differ in their ability to specifically bind hCG on Days 10 and 15 (Table 7) . The large luteal cells from these days had as many receptors for LH/hCG as did small luteal cells. Mixed cells from Day 6 (predominantly small cells) had fewer receptors than did either large or small cells from other days of the cycle (P < 0-05). There were more receptors for LH on small luteal cells than large luteal cells prepared on Day 25 of pregnancy.
Oxytocin production
Oxytocin was detectable only in the cell suspensions which contained large cells (or mixed cells). Production of oxytocin was maximal in cell suspensions from Day 6, declined significantly by Day tOxytocin secretion was not affected by treatment with LH or PGE-2; values are pooled within cell type and day of cycle. {Mixed cells from Day 6 corpora lutea were dissociated, but not elutriated; mixed cells from Days 10, 15 and 25 were purified large (10 000) and small (50 000) luteal cells added back together. Means with different superscripts (a,b,c,d) differ (P < 005). 10, and was very low or undetectable in large cell or mixed cell cultures on Day 15 of the oestrous cycle and Day 25 of pregnancy. Neither LH nor PGE-2 affected oxytocin production regardless of the dose used or the day of the cycle; therefore the oxytocin values were pooled by day and cell type (Table 8 ).
Discussion
The purity of the large and small luteal cell fractions illustrates the efficacy of centrifugal elutriation for separating cells of different size/density (Table 1 ). The degree of purity of both cell types was improved compared to that reported by Fitz et al. (1982) using elutriation, or for that achieved using Ficoll gradients (Rodgers & O'Shea, 1982) . The yield of cells per gram of ovarian tissue subjected to dissociation and purification was comparable to that in these two previous reports (Table 2) . LH receptors were measured by the standard curve technique; this method allows accurate estimation of receptor number in small amounts of tissue (inadequate for Scatchard analysis), and we have found a correlation of >0-97 between estimation of receptor numbers by this method and by Scatchard analysis for LH receptors (Braden et al., 1986) . The presence of equal numbers of receptors for LH on large and small luteal cells on Days 10 and 15 of the oestrous cycle is not in agreement with previous data from this laboratory (Fitz et al., 1982) reporting that receptors for LH were located primarily on small cells. This apparent discrepancy may be due to the use of luteal cells from spontaneously ovulating ewes in the present experiment compared to the corpora lutea from animals induced to superovulate with PMSG used by Fitz et al. (1982) . Administration of PMSG to ewes increases the number of luteinized follicles, alters the cells, and may induce loss of luteinizing granulosa cells, leading to corpora lutea composed of hypertrophied theca-lutein cells (Cran, 1983) . In fact. Fitz et al. (1982) reported that the number of receptors for LH was similar on large and small cells from anoestrous ewes treated with PMSG and hCG. Donaldson & Hansel (1965) first suggested that small luteal cells differentiate into large luteal cells, and it has been demonstrated that LH may induce the differentiation of small cells into large cells . Injection of LH into ewes during the mid-luteal phase of the cycle increased the number of large cells and concomitantly reduced the number of small cells in the ovine corpus luteum. Given the abundance of receptors for LH on small cells, and that large cells may arise from small cells in vivo, the presence of receptors for LH on large cells may not be surprising. Additionally, procedural differences may have affected receptor binding or number of receptors. Complete Hanks' medium was used for dissociation and elutriation in the present exper¬ iment whereas Fitz et al. (1982) used calcium and magnesium-free Hanks' medium. O'Shaughnessy & Wathes (1985) , using bovine luteal cells in culture, showed that medium constituents have a pronounced effect on cell function and response.
The present study provides evidence that, despite the presence of receptors for LH on large cells, LH fails to stimulate large cells to secrete either progesterone or oxytocin. Likewise, as previously reported (Hoyer et ai, 1984) , neither cAMP nor adenylate cyclase activity is increased in large cells treated with LH. At the present time the function of the receptors for LH on large luteal cells is unknown.
The increase in the number of receptors for LH from Days 6 to 10 without subsequent changes on Day 15 of the oestrous cycle or Day 25 of pregnancy suggests that, by mid-cycle, luteal cells have attained their maximum complement of receptors for LH. This is consistent with the data of Diekman et al. ( 1978) . The increased sensitivity of Day 10 small cells to LH (compared with Day 15 of the oestrous cycle or Day 25 of pregnancy) supports the concept that events within the cell that occur subsequent to hormone binding change during the oestrous cycle and pregnancy, and may be important in modulating the magnitude of the response to LH. It is significant that the greater sensitivity of the Day 10 small cells to LH in vitro corresponds with the time when progesterone secretion is greatest in vivo (Hansel et ai, 1973; Diekman et ai, 1978) .
The relevance of the synergism in progesterone production between large and small cells collected on Day 10 is not clear. Interaction between the two steroidogenic luteal cell types has previously been reported for the sow (Lemon & Mauléon, 1982) , but the factor(s) responsible for this interaction has not been identified. Such interaction between the two luteal cell types may be analogous to the interaction between the granulosa and theca cells that apparently plays a role in regulating progesterone synthesis in the hamster follicle (Makris & Ryan, 1977) . Granulosa and theca cells co-operate in follicular oestrogen production (see review by Hillier, 1981) . Large and small cells are probably derived from granulosa and theca cells respectively (O'Shea et al., 1980) . It is therefore possible that luteal progesterone production is achieved by an analogous interaction between large and small luteal cells. Although the results of Rodgers et al. (1985) provided no evidence for large and small ovine luteal cell interaction in progesterone synthesis, their studies utilized plated cells from corpora lutea of undetermined stages of the oestrous cycle. It seems likely, therefore, that the interaction of large and small luteal cells warrants further investigation to elucidate any possible interactive or co-operative roles of these two cell types.
In contrast to previous studies in this laboratory treatment with PGE-2 did not stimulate pro¬ gesterone production from large luteal cells at any dose or day of the cycle or pregnancy examined. Fitz et al. (1984a, b) and Silvia et al. (1984) found that large cells can be stimulated to produce progesterone by PGE-2, but these studies used plated luteal cells which were exposed to PGE-2 for 3 h or more. It is possible that culture conditions or duration of exposure to PGE-2 affect the actions of this prostaglandin on luteal cells.
Our observation that only large cells produce oxytocin confirms previous reports (Rodgers et al, 1983b; Sawyer et al., 1986) and demonstrates that maximal secretion of oxytocin occurs early in the oestrous cycle. Ivell et al. (1985) reported high quantities of mRNA for oxytocin in the bovine post-ovulatory follicle which declined as the corpus luteum developed; however, maximal quantities of ovarian oxytocin do not appear in the circulation earlier than 4-5 days after ovulation (Schams et al., 1982) . These observations are in accordance with the recent data of Jungclas & Luck (1986) that oxytocin production is maximal in 3-day-old cultures of granulosa cells harvested from ovulatory cow follicles, and with the present results indicating that Day 6 sheep luteal cells produce significant amounts of oxytocin. Wathes et al. (1983) extracted and measured the oxytocin present in bovine corpora lutea obtained at slaughter; those corpora lutea judged to be 5-10 days old contained more oxytocin than did corpora lutea from any other stage of the cycle. These studies provide strong evidence that maximum production of oxytocin in ewes and cows occurs early in the oestrous cycle. Although luteal oxytocin may play a role in modulating secretion of PGF-2a during luteal regression as suggested by Flint & Sheldrick (1983) , the physiological relevance of high concentrations of oxytocin earlier in the oestrous cycle remains undetermined.
